FIBROMUSCULAR DYSPLASIA (FMD), an angiopathy of unknown etiology 1 is diagnosed on angiographic grounds. FMD has been reported in most of the major arteries of the body. 2 ' 3 Since the first histologic study of FMD of the carotid artery, 4 little pathologic information concerning FMD involving the cervicocephalic arterial tree has been published. 5 Dissecting aneurysms are thought to represent a frequent complication of FMD but SATO and HAT A 6 found only 3 histological studies of such an association prior to their report. To our knowledge, the association of cervicocephalic FMD with a carotid-cavernous fistula has been described once, without pathological examination. 7 The present paper describes an autopsied case of bilateral cervico-cephalic FMD with multiple dissections and a carotid-cavernous fistula due to a saccular aneurysm rupture.
Clinical Report
A 40 year-old normotensive woman with no previous medical history was admitted with acute onset of temporal headaches and vomiting. Two days later left retro-ocular pain with pulsatile congestive exophthalmus and an intracranial systolic murmur developed.
The left carotid angiogram demonstrated a carotidcavernous fistula and carotid FMD ( fig. 1 ). The initial segment of the internal carotid was bent 2 cm after the bifurcation. The characteristic multiple irregular constrictions of the lumen were seen in the upper part of the cervical portion of the internal carotid artery. In addition, two saccular outpouchings were detected. One of them was located in the vessel segment adjacent to the first cervical vertebra. The other one was present at the initial portion of the intracavernous carotid artery (C5 segment) and seemed to take part in the fistula. There was an anterior homolateral venous drainage opacifying the upper and inferior ophthalmic veins and the pterygoid plexus. The distal carotid segment and the middle cerebral artery showed no angiographic abnormality. After an unsuccessful attempt to puncture the right femoral artery, left femoral artery catheterization was performed. This technically difficult angiography showed a mild degree of FMD in the STROKE VOL 16 right common carotid artery, in the vertebral arteries (initial segment) and in the right renal artery. Left iliac artery thrombosis occurred and the patient died suddenly 3 weeks after admission.
The autopsy showed bilateral thrombosis in the common iliac arteries and a large retro-peritoneal haemorrhage due to the rupture of an aortic dissection related to the femoral catheterization. Multiple kidney infarcts were seen. The brain, sectioned after formalin fixation, was macroscopically normal.
Material and Methods
The aorta and its visceral branches were dissected, the cervico-cephalic arterial tree was removed including the initial 3 cm of the external carotid arteries, the internal carotid arteries in their whole length, the intrapetrous and intra-cavernous portions being extracted with the base of the skull. The intraosseous part of the vertebral arteries were not removed. The dissection of The arch of the aorta showed only minute atheroma. No macroscopic or microscopic lesions were observed on the right side in the brachiocephalic trunk, subclavian artery, common and external carotid arteries and on the left side in the subclavian artery and in the proximal two thirds of the common carotid artery. FMD lesions were lacking in the intra-cranial segment of the vertebral arteries, in the basilar artery and in the cortical branches. FMD was seen at the origin of both the vertebral arteries, throughout the whole length of both internal carotid arteries, at the origin of the left external carotid artery, in parts of the circle of Willis, the middle and anterior cerebral arteries.
In addition, FMD lesions were found in the proximal descending thoracic aorta, in the terminal abdominal aorta, in the celiac, splenic, right renal and both common iliac arteries.
Morphology of Lesions 2.1. FMD basic Lesions (fig. 3)
The major histological feature was an irregular fibrotic transformation of the media, noted in various degrees in every affected artery. The medial muscular layer was altered at least in its external third ( fig. 4 ) but showed in places widespread transformation; the smooth muscle cells were atrophied and disorganized; they were partially or completely replaced by young edematous and cellular fibrosis. Eccentric medial dysplasia to one side of the vessel lumen was frequent. Neither muscular hyperplasia nor constrictive tubular perimedial fibrosis were observed. The internal elastic lamina was always altered showing fragmentation and sometimes disappearance. The intima was frequently thickened in a segmental manner by collagen and elastic fibrosis. In contrast marked adventital fibrosis was rare. The external elastic lamina was never severely altered. Mainly as a result of the medial fibrosis, a vessel wail thickening was sometimes observed to lead to a focal lumen narrowing. On the other hand, thinwalled distended arterial segments were not rare. In addition, we observed a slight atheromatous transformation of the intima in the initial portions of both internal carotid arteries.
Mural Dissections
Multiple dissections of the media were present along the whole length of both internal carotid arteries ( fig.  4, 5, 6 ). Up to seven dissected areas were seen on the same arterial section. Frequently, no communication between the small dissections and the true lumen was observed. Their average diameter varied from 20 to 400 microns. Some of these dissections were recent and formed dissecting aneurysms with ruptured internal elastic lamina and intima. Others showed endothelialization of the false lumen and fibroblastic organization of the borders ( fig. 5 ). Hemosiderin granules were observed frequently throughout the intima and the media.
Saccular Aneurysms and Outpouchings
Three saccular aneurysm-like formations were seen. All of them were located on the left carotid artery. The first one was a 1 mm wide, aneurysm situated on the common carotid artery ( fig. 7) , characterized by an abrupt and complete disruption of the intima and of the media, by an organized mural thrombus and by a focal adventital fibrosis. The second aneurysm-like formation had been detected by angiogram on the cervical segment of the internal carotid artery above the bifurcation. Surprisingly, its wall was made up of an intima, a well defined internal elastic lamina and a thick fibrodysplasic media, surrounded by the external elastic lamina and adventia of the carotid artery itself ( fig.  8 ). The third aneurysm had been demonstrated on angiography to feed the carotid cavernous fistula. It was a typical thin walled berry aneurysm. No endothelium was seen lining the sac. The wall was fibrotic; the rupture site was narrow.
Comments
A recent pathological review 6 found that FMD affecting the cervical carotid arteries had been classified as intimal fibroplasia in less than 15% of cases, medial FMD in more than 80% and periarterial fibroplasis in less than 5%. In the present report, the pathological features were of the same type in every location and were characteristic of the fibroplasic type of medial FMD. We believe that the segmental intimal thicken- ing might be secondary to circulatory disturbances caused by the FMD and the dissections.
The distribution of lesions in our case is particularly important. In fact, we have not found a case with such widespread lesions among the previously published pathological studies. Bilateral cervico-cephalic involvement has been reported in 70 to 80% of cases. 6 But, it was usually restricted to the cervical portions of the carotid and/or vertebral arteries. In the literature, cases of intracranial FMD proven by post-mortem verification, are uncommon. 8 " 16 The other reports of such a location were based solely on the "string of beads" angiographic aspect which has also been described in many cases of cerebral dissecting aneurysms. 17 On the other hand, it is to be stressed that in our report, the intracranial FMD was not apparant on radiologic examination" since the angiograms showed no major intracranial abnormality except the fistula.
The vessel wall dissections, a well-known complication of FMD, 6 ' 12 -18 are probably related to the medial weakness. In our patient, they were numerous on both carotid arteries but did not induce any clinical symptoms. Some of them showed endothelialization as in the case of Pilz and Hartjes. 12 Saccular aneurysms have been found in 19 of 37 patients with radiologic evidence of FMD of the carotid or vertebral artery. 5 These aneurysms were located mainly (as in this case) on the same side as the most affected artery which suggests that FMD and aneurysms are pathogenically related. The three aneurysmlike formations observed in the present case showed pathological features which were different from those of classical saccular aneurysms. They were located far from arterial forks. One of them had the characteristics of vascular wall microaneurysm (which may represent an early form of typical saccular aneurysm). The second one was a well formed pouch which appeared as a herniation of the intima, internal elastic lamina and media beneath the external elastic lamina. Whether this type of outpouching represents a complication of medial weakness or is of vestigial origin is not clear. In fact, an angiographic counterpart, a "diverticulum like outpouching" has been recently reported in FMD. 5 The third aneurysm fed a carotid-cavernous fistula which has been reported once before associated with FMD. 7 Angiographic evidence of arteriovenous shunts also has been reported for vertebral arteries' 9 -20 and other arteries of the body affected by FMD. 3 Although there is some dispute 21 about the place of vascular dissections and aneurysms in FMD we believe that these changes are complications of FMD using the standard classification of FMD 22 which is based on the location of the major lesions within the arterial wall.
